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(54) Tripod type constant velocity universal joint 

(57) A tripod type constant velocity universal joint 
has an outer member {1} having three axially extending 
track grooves (2) formed in an inner circumferential sur- 
face thereof, each of the track grooves having roller 
guide surfaces on a pair of opposing side walls thereof. 
A tripod member (4) has three radially projecting trun- 
nions (5). Rollers (7) are rotatably carried on the trun- 
nions (5). respectively, through a series of cylindrical 
rolling elements (6), the rollers (7) being accommodated 
in the track grooves (2) respectively, so that the rollers 
(7) are movably axially of the outer member (1) with 
each said roller (7) rolling along one of the opposing 
roller guide surfaces. Each said roller (7) with an annu- 
lar projection at an end thereof and a sereis of said roll- 
ing elements (6) retained along an inner periphery of 
said roller (7) form an assembly capable of preventing 
said rolling elements (6) from dispersing even before 
said assembly is mounted on a respective trunnion (5). 
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Description 

TECHNICAL FIELD 

5 ' [0001] The present invention relates to a tripod type constant velocity universal joint which is app[iceft>le to front- 
wheel drive vehicles and others. 

BACKGROUND ART 

10 [0002] In front-wheel drive vehicles, as a constant velocity universal joint for transmitting torque from a drive shaft 
to front wheels at a constant velocity, there has been taken a joint of a tripod type as shown in Figs. 8A and 8B. In this 
tripod type, a tripod member 4 has three radially protruding trunnions 1 1 , which carry rollers 1 3 respectively rotatably 
fitted through rolling elements 12 over cylindrical outer circumferential surfaces of the trunnions 11. is inserted into an 
outer member 1 having three cylindrical track grooves 2 formed in an inner surface of and extending axially of the outer 

75 meml>er 1 Each of the rollers 13 is accommodated in the con-esponding track groove 2 so that it may travel along the 
track groove 2 rotating about an axis of the trunnion with an outer circumferential surface in engagement with one of a 
pair of side walls of the track groove 2, which walls provide roller guide surfaces 3 opposing circumferentially of the outer 
member 1 . 

[0003] In cases where as shown in Fig. 9 the transmission of torque is made in a state that the outer member 1 and 
20 the tripod member 4 make a working or operating angle 0 with respect to each other, each of the rollers 13 and one of 
the roller guide surfaces 3 of the corresponding track groove 2 come into an obliquely intersecting relation to each other 
as shown In Fig. 10. In this case, although the roller 13 tends to roll and move in a direction indicated by an arrow a in 
Fig. 9, because the track groove 2 has a cylindrical configuration parallel to the axial direction of the outer member 1, 
the roller 13 results in moving while undergoing restriction. Accordingly, the roller 13 slips in relation to the roller guide 
25 surface 3 so that the evolution of heat occurs and an axial induced thrust takes place. This induced thmst causes the 
occurrence of vibration of a vehicle body and the generation of noises, and hence the more reduced induced thrust is 
desirat^le. 

[0004] For a tripod type constant velocity universal joint which is capable of reducing the aforesaid induced thrust 
to a certain extent, there has been known a two-story construction type comprising a combination of an inner ring and 

30 an outer ring as a roller (U.S. Patent No. 4.786.270). For instance, as shown in Figs. 1 1 and 1 2. in this type of joint, an 
inner ring 18 is rotatably fitted through rolling elements 12 over a cylindrical outer circumferential surface of a trunnion 
11 of a tripod member 4 while an outer ring 19 is rotatably fitted over an outer circumferential surface of the inner ring 
18, thus producing a two-story construction. The inner ring 18 has a true-spherical outer circumferential surface 18a 
with its center on the axis of the trunnion 1 1 . and a cylindrical inner circumferential surface 19a of the outer ring 19 is 

35 rotatably fitted over the true-spherical outer circumferential surface 1 8a. The outer ring 1 9 is accommodated in the track 
groove 2 of the outer member 1 so that it may travel in the axial direction of the outer member 1 rolling on a roller guide 
surface 3 of the track groove 2. In the case that the transmission of torque is made in a state where the outer member 
1 and the tripod member 4 make a working angle as shown in Fig. 12. the inner ring 18 is inclined with respect to the 
outer ring 19. where the inner ring 18 relatively shifts downwardly in Fig. 12 in relation to the cylindrical inner drcumfer- 

40 ential surface 1 9a of the outer ring 1 9. Owing to the occunence of the relative movement between the inner and outer 
rings 18. 19. the outer ring 19 is guided along roller guide surfaces 3 of the outer member 1 while maintaining a position 
parallel to the axial direction of the outer member 1 , with the result that it correctly rolls on the roller guide surface 3 witfi 
less sliding friction. Thus, the sliding resistance is reducible to suppress the generation of the induced thrust. 
[0005] In addition, as another tripod type constant velocity universal joint which can reduce, though to a certain 

45 extent only, the aforesaid induced thrust, there has been known a type in which a roller is pivotably supported with an 
outer circumferential surface of a trunnion of a tripod member (U.S. Patent No. 4.379,706). As shown in Figs. 13 and 
14. this joint features that an outer circumferential surface 22 of a trunnion 21 of a tripod member 4 assumes a curved 
surface with a gentie curvature. In tfiis case, a cylindrical inner circumferential surface of a roller 24 is pivotably fitted 
through rolling elements 23 over the outer circumferential surface 22 of the trunnion 21 having tiie gentie curvature. The 

50 roller 24 is accommodated in a track groove 2 of an outer member 1 so that it may travel along the track groove 2. Also 
in ttie joint as shown in Fig. 13, when the transmission of torque is made in a state where the outer member 1 and the 
tripod member 4 make a woridng angle 0 as shown in Fig. 14, ttie cylindrical inner circumferential surface of the roller 
24 gets into inclination to tiie outer circumferential surface 22 of the trunnion 21 and tfie roller 24 more or less pivots 
relative to the trunnion 21. which allows the roller 24 to be guided by roller guide surfaces on both sides of the track 

55 groove 2 of the outer member 1 to be somewhat in parallel to the axis of the outer member 1 . Thus, the roller 24 rolls 
on the roller guide surface 3 in the axial direction of the outer member 1 so that the sliding resistance of tiie roller 24 is 
reducit)le to lessen the induced thrust. 

[0006] In the joint with a two-story roller construction as shown in Fig. 11 , there has been known the fact that it is 
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possible to stably produce the induced thrust reduction effect when operating in a state with making the working angle. 
However, this is disadvantageous in that, because the roller is constructed wrth a combination of an inner ring and an 
outer ring, in addition to the number of parts for the roller section the number of assembling steps increases to cause 
the rise of its manufacturing cost. In the case of the Fig. 13 joint, the roller has a simple (one-story) construction as well 

5 as the basic structure shown in Figs. 8A and 8B. so that the rise of the manufacturing cost is avoidable. On the other 
hand, in this joint, even if the outer member 1 and the tripod member 4 make the working angle 8 as shown in Fig. 14, 
it is necessary that, to permit the roller 24 to always maintain the position parallel to the track groove 2. a desirable radial 
gap g (not shown in the illustration) be defined between the outer circumferential surface 22 of the trunnion 21 and the 
rolling elements 23. More specifically, as shown in Rg. ISA the radius of curvature (approximate value) in the central 

10 portion of the gentle curvature outer circumferential surface 22 of the trunnion 21 is taken to be R and its outer diameter 
is taken as 2r. When the trunnion 21 is inclined by a working angle 0 as shown in Rg. 15B. the outer circumferential 
surface 22 comes into contact with the rolling elements 23 at the portions C. C where it meets with a chain line b and 
a chain line c. Since these two portions C, C* stand on the radius [R > (R - r) cos 6] larger tiian the radius r of the central 
portion, in order to permit the trunnion 21 to smoothly tilt with respect to the roller 24. it is required that as the angle 

15 allowing for the tilting therebetween the radial gap g be set to a given value to satisfy g = 2{[R -(R - r) cos 
6]- r) = 2(R - r) (1 - cos 0) . In this case, since the radial gap g is proportional to the looseness of the universal joint in 
its circumferential direction, it is desirable to decrease It to the utmost Accordingly, in the Rg. 13 joint, difficulty is expe- 
rienced to maintain the roller 24 to take a position parallel to tiie track groove 2 at all the required values of working 
angle 8 unless the looseness is allowed to increase. 

20 

DISCLOSURE OF INVENTION 

[0007] It is therefore a principal object of the present invention to provide a tripod type constant velocity universal 
joint with a high performance which is capable of surely reducing the looseness and the induced thrust when operating 

25 in a state with making a working angle. 

[0008] In accordance with one aspect of the present invention, a tripod type constant universal joint comprises roll- 
ers rotatably carried, through cylindrical rolling elements, on three trunnions of a tripod member are accommodated, 
respectively, in thrack grooves formed in an inner ciucumferential surface of an outer member in an axial direction, so 
that tiie rollers are movalbe axially of tiie outer member along roller guide surfaces at opposite sides of each of the track 

30 grooves and extending axially of the outer member, wherein an Inner circumberential surface of the roller Is cylindrical, 
and wherein a generatrix of an outer circumferential surface of the trunnion is defined with a connbination of circular arcs 
at opposite ends of the trunnion and a curve between the circular arcs, the circular arcs having one and same center of 
curvature on the axis of the trunnion to constitute a part of a true circle, the curve having a radius of curvature larger 
than that of the circular arcs to be smoothly joined to the cirucular arcs. 

35 [0009] In this case, the term curve may also be a substantially straight line which corresponds to the curve whose 
radius of curvature is enlarged up to inifinity. Further, in cases where the axial central portion of the generatrix on the 
outer circumferential surface of the trunnion is defined to be literally the curve, it is also possible to employ not only a 
circular arc having a single center of curvature and a single radius of curvature but a conr^nation of a plurality of circular 
arcs different in center of curvature and radius of curvature from each other. In the case of employing the combination 

40 of a plurality of circular arcs for the axially central portion, those which are closer to the circular arcs at both ends of the 
trunnion and constituting a part of a true circle may have a center of curvature at a position nearer to that of the circular 
arcs constituting a part of a true circle so that a smoothly continuous generatrix is attainable on the outer circumferential 
surface of the trunnion. 

[0010] In this instance, the intermediate portion of the outer circumferential surface of the trunnion assumes a 
45 curved surface with a gentle curvature than the true spherical surface, and in the case that the radius of curvature of 
the intermediate portion is infinite, it assumes a substantially cylindrical surface parallel to the axial direction of the trun- 
nion just as mentioned previously. When the rolling element is always brought into contact with the intermediate curved 
surface including such a substantially cylindrical surface. Its maximum surface (bearing) pressure is redudble than the 
maximum surface pressure taking place at the contact of a true spherical surface, and accordingly the local carrying 
50 capacity increases so that the durability improves. 

[001 1 ] When the generatrix of tiie outer circumferential surface of the trunnion is constituted by a circular arc having 
a single center of curvature and a single radius of curvature, the outer drcumferntial surface of the trunnion is true 
spherical with the center of curvature on the axis of the trunnion. The roller f itted over the true spherical outer circum- 
ferential surface of the trunnion is one in number to define the so-called one-story construction, and the true spherical 
55 outer circumferential surface of the trunnion is fitted through a plurality of rolling elements in the cylindrical inner circum- 
ferential surface of the roller. In this case, since the outer circumferential surface of the trunnion takes a true spherical 
surface, unlike the prior art tiie radial gap is not required to be defined between the rolling elements and the outer cir- 
cumferential surface. That is. the trunnion can freely pivot or tilt with respect to the roller, and Irrespective of the magni- 
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tude of the tilting angle the relation in dimension between the outer circumferential surface of the trunnion and the rolling 
elements is always kept constant. Accordingly, when the joint takes a working angle, the true spherical outer drcumfer- 
entail surface of the trunnion of the tripod member relatively rotates about its center of curvature and moves with 
respect to the cylindrical inner circumferential surface of the roller fitted In the track groove of the outer member to cause 

5 the roller to relatively shift in the axial direction of the track groove. In consequece. the generation of the induced thrust 
is suppressible as well as the prior joint with the two-story construction, thus providing a tripod type constanct velocity 
univiersal joint with high quality and performance which can develop less occurrence of temperature rise, vibration, and 
noise. In addition, since the reduction of the induced thrust developed at the time that the joint works in a state with mak- 
ing a working angle is realizable using a tripod member with a simple one-story roller structure, the tripod type constant 

10 velocity universal joint with high quality and performance is producible at a lower manufacturing cost 

[0012] In order to more certainly stabilize the position of the roller in the axial direction of the outer member at the 
time that the joint operates in a state with making a working angle, angular contact may be established between the 
roller guide surface of the track groove of the outer member and the outer circumferential surface of the roller A shoul- 
der may be formed along the roller guide surface for engagement with an end surface of the roller to thereby limit the 

15 rolling direction of the roller to a direction parallel to the track groove. With these constructions, the angular contact 
between the roller guide surface of the track groove of the outer member and the outer circumferential surface of the 
roller or the shoulder of the roller guide surface stably makes a limitation of the movement of the roller to travel in the 
axial direction of the outer member when the joint operates in a state with making a working angle, with the result that 
the generation of the induced thrust is more surely and stably suppressible. 

20 [0013] Although it has been known that the strength of the tripod type constant velocity universal joint greatly 
depends upon the strength of the roller and the strength of the rolling elements, if (geometrical moment of inertia of the 
roller/PCD^) is set to exceed 0.0281 x 10*^ but be below 1 .39 x 10"^, and (the diameter of the rolling elements/PCD) is 
set to exceed 0.041 7 but be below 0.378. it is possible to sufficiently satisfy the strength required for the joint for use in 
a drive system of a motor vehicle. Accordingly, in this case, it is possible to obtain proper dimensions which meet the 

25 strength being required and, therefore, to provide a tripod type constant velocity universal joint which can sufficiently 
satisfying the strength required in using it for a drive system of a motor vehicle. 

[0014] The transvese cross section of the trunnion is usually a true circle, whereas it may also be an ellipse with its 
minor axis pointing the load side. In this case, it is preferable from a manufacturing point of view that the cfifference 
between its minor axis and its major axis Is approximately several tens to 100 )i and in all the cross-sections perpendic- 

30 ular to the axis of the trunnion the elllpticity is the same. With such an elliptic surface that its minor axis points the the 
load side of the outer circumferential surface of the trunnion, the stress concentration to the rolling element receiving 
the load when coming into contact with that surface can be softened, thus further improving the maximum surface pres- 
sure and the durability. In addition, the configuration of the outer circumferential surface in the longitudinal section of the 
trunnion can also comprise a combination of circular arcs at opposite ends of the trunnion with a center of curvature on 

35 the axis of the trunnion and a curve between the circular arcs smoothly connected to the circular arcs and having a 
radius of curvature larger than that of the circular arcs. It is also possible that this curve is made up of a combination of 
a plurality of circular arcs different in center of curvature and radius of curvature from each other or is made as a sub- 
stantially straight line corresponding to an arc having an infinite radius of curvature. Accordingly, the axial central portion 
of the trunnion coming into confact with the rolling elements at the maximum surface pressure is formed with a gentle 

40 curved surface having a radius of curvature farger than that of a true spherical surface having a center of curvature on 
the axis of the trunnion, and hence the surface pressure on the rolling element is reducible. 

[0015] In accordance with another aspect of this invention, a tripod type constant velocity universal joint comprises 
a tripod member having three radially protruding trunnions each of which rotatebly carries a roller fitted over an outer 
circumferential surface of the trunnion with a plurality of cylindrical rolling elements therebetween, and an outer member 
45 having three track grooves formed in an inner circumferential surface thereof for receiving tiie trunnions, respectively, 
so that each of the rollers may travel axially of the outer member rolling on a roller guide surface of tiie track groove. A 
stopper may be provided on an inner circumferential surface of ttie roller to prevent the plurality of cylindrical rolling ele- 
ments from falling out in their axial direction. 

[0016] The stopper may be in the form of an annular step inwardly protruding from the inner circumferential surface 
50 of the roller, or alternatively, the stopper may be in the form of a washer attached to an annular groove formed in the 
inner circumferential surface of the roller, simplifying the roller in st-ucture. Since the stopper is provided on the roller 
inner circumferential surface, it becomes unnecessary that the parts or structure for preventing the rolling elements 
from falling out be provided on the trunnion of the tripod meniber, and hence the number of parts for the tripod member 
and the number of steps for the assembling decrease and, in addition, the following assembling methods may be 
55 adopted for the tripod member. That is. in the manufacturing process for the tripod type constant velocity universal joint, 
a stopper is providal on an inner circumferential surface of a roller of a tripod member to prevent a plurality of succes- 
sive cylindrical rolling elements from falling out in their axial direction, and tiie roller, together witti the rolling elements, 
is fitted over a trunnion in a state where ttie plurality of rolling elements are temporarily attached with a grease on the 
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roller inner circumferential surface along the stopper. Alternatively, a stopper is provided on an inner circumferential sur- 
face of a roller of a tripod mennber to pvevent a plurality of cylindrical rolling elements from coming out in their axial 
direction, and the plurality of rolling elements but one are successively or serially arranged on the roller inner circum- 
ferential surface along the stopper and the remaining one rolling element is forced into a gap left between the two of the 

5 series of rolling elements positioned at both the ends thereof, and further the roller, together with the rolling elements. 
Is fitted over the trunnion in a state where a given number of rolling elements are temporarily held on the roller inner 
circumferential surface. In the former manufacturing method, the rolling elements are temporarily adhered with a grease 
onto the roller inner circumferential surface, and the stopper of the roller prevents the rolling elements from coming out 
when the roller, together with the rolling elements, is fitted over the trunnion of the tripod memt>er. The latter manufac- 

10 turing method for serially arranging the rolling elements on the roller inner circumferential surface is the so-called Key- 
stone metiiod using no adhesive, and also in tiiis instance ttie stopper of tiie roller prevents the rolling elements from 
falling out when the roller, together with the rolling elements, is filled over the trunnion of the tripod member. According 
to both the manufacturing methods, since the roller and tiie rolling elements are integrally and simultaneously combined 
witii the trunnion, the number of steps for assembling the tripod menriber can decrease and assenlbling work efficiency 

75 can improve, thus providing a tripod type constant velocity universal joint which Is excellent In quality production and 
low in cost. 

[0017] Referring to tiie drawings, a description will be made hereinbelow of concrete examples according to ttie 
present invention. The same parts or corresponding parts are marked with the same reference numerals throughout all 
the drawings and the double description of the same parts will be omitted. 

20 

BRIEF DESCRIPTION O F DRAWINGS 
[0018] 

25 Fig. 1 A is a front elevational view in part in section of a tripod type constant velocity universal joint according to the 
Invention; 

Fig. 1 B is a partial cross-sectional view of the Fig. 1 A joint; 

Fig. 2 is a partial enlarged cross-sectional view of the Fig. 1 B joint showing a form of a roller and a roller guide sur- 
face; 

30 Fig. 3 is a sectional view schematically showing the Fig. 1 joint in a sfate with making a working angle; 

Fig. 4 is a schematic illustration for describing a relative movement between a roller and a trunnion as shown in Rg. 

3; 

Fig. 5 is a partial enlarged cross-sectional view similar to Fig. 2, showing a modification of a roller guide surface; 
Fig. 6 is a cross-sectional view similar to Fig. 1 B, showing a modification of a roller guide surface; 
35 Fig. 7 Is a cross-sectional view similar to Rg. 1 B, showing a modification of a roller; 

Fig, 8A is a longitudinal sectional view showing a conventional tripod type constant velocity universal joint; 
Fig. SB is a cross-sectional view of the Rg. 8A joint; 

Fig. 8C is an enlarged front elevational view in part in section of a tripod member of the Rg. SB Joint; 
Fig. 9 is a front elevational view in part in section of the Fig. 8A joint in a state with nnaking a working angle; 
40 Fig. 10 is a perspective view showing a rolling sfate of a roller in the Rg. 9 joint; 

Fig. 1 1 is a longitudinal cross-sectional view showing another conventional tripod type constant velocity universal 
joint; 

Fig. 12 is a longitudinal cross-sedional view showing the Fig. 1 1 joint in a state with making a working angle; 
Fig. 13 is a sectional view schematically showing a principal portion of a different conventional tripod type consfant 
45 velocity universal joint; 

Fig. 1 4 is a sectional view schematically showing a main portion of tiie Rg. 1 3 joint in a state wrth making a working 
angle; 

Fig. 15A is a front elevational view showing a trunnion of the Fig. 13 joint; 

Fig. 15B is a front elevational view showing a trunnion of the Fig. 14 joint; 
so Fig. 16 is a cross-sectional view showing a principal portion of a joint for describing dimensions; 

Fig. 17 is a graphic illustration drawn by plotting strengtii test results; 

Fig. 18 is a bar chart of durability test results; 

Fig. 19A is a partial enlarged illustration of the Rg. 1 A joint; 

Fig. 19B is a cross-sectional view taken along a line B-B of Fig. 19A; 
55 Fig. 20A is a partial front elevational view showing a tripod member; 

Fig. 20B is a partial sectional view showing a constant velocity universal joint incorporating tiie Fig. 20A tripod 

member; 

Fig. 21 A is a partial front elevational view showing a tripod member; 
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Rg. 21 B is a partial enlarged illustration of a trunnion shown in Rg. 21 A; 
Rg. 22A Is a partial front elevational view showing a tripod member; 
Rg. 22B is a cross-sectional view taken along a line X-X of Rg. 22A; 
Rg. 23A is a partial front elevational view showing a tripod menrtber; 
5 Rg. 23B is a partial sectional view showing the Rg. 23A tripod member equipped with a rolling dement and a roller; 

Rg. 24 shows polygonal lines obtained by plotting experimental data, ie induced thrust relative to joint working 
angle; 

Rg. 25 is a front elevational view in part in section of a tripod member; 

Rg. 26A is an enlarged sectional view showing a roller and rolling elements of the Rg. 25 tripod member; 
10 Rg. 26B is an enlarged sectional view showing rolling elements and a roller with another construction in the Rg. 25 
tripod member: 

Rg. 27 is an illustration for describing an assembling procedure for tiie Rg. 25 tripod member: 
Rg. 28 is an illustration for describing another assembling procedure for tiie Rg. 25 tripod member; 
Rg. 29A Is an illustration for describing an incorporating procedure for rolling elements for the Rg. 28 roller; 
15 Rg. 29B is an enlarged view showing a portion of Fig. 29A; 

Rg. 30 is a front elevational view similar to Rg. 25. showing in part in section a tripod member; 

Rg. 31 is a front elevational view similar to Rg. 25. showing in part in section a tripod member; and 

Fig. 32 is a sectional view similar to Rg. 16. shewing a modification in which the centers of the trunnion and the 

roller are offset. 

20 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0019] Referring first to Rgs. 1 A and 1 B. a tripod type constant velocity universal joint corrprises an outer member 
1 adapted to connect with one of two rotary axes being coupled together by the joint and a tripod member 4 adapted to 

25 connect with the ottier of the two axes. The outer member 1 is gererally cup-shaped and has three circumferentially 
equispaced, axially extending track grooves 2 formed in an inner circumferential surface. The tripod member 4 has 
three circumferentially equispaced. radially protruding trunntons 5, each of which rotatably carries a roller 7 with rolling 
elements therebetween. The rollers 7 are respectively accommodated In the track grooves 2 of the outer member. The 
rollers 7 have cylindrical inner circumferential surface n which is filled through the plurality of rolling elements 6 over an 

30 outer circumferential surface m of the trunnion, which surface m in turn is a part of a true sphere with its center p of 
curvature on the axis of tiie trunnion 5. As illustrated the rolling elements 6 have a cylindrical rolling surface whose 
diameter is relatively large and whose lengtii is not very long as compared with its diameter. In this respect, the rolling 
elements 6 are in contrast to needle rollers. Washers 8 are attached to both opening end portions of the inner circum- 
ferential surface n of the roller to prevent the rolling elements 6 from falling out. 

35 [0020] As will be seen from Rgs. 1 B and 2. the gereratrix of an outer circumferential surface of the roller 7 is a cir- 
cular arc having its center of curvature at point p spaced apart radially outwardly from the center Pr of the roller. The 
track grooves 2 accommodating the rollers 7 extend axially of the outer member 1 . A pair of side walls of each of tiie 
track grooves 2 oppose each otiier circumferentially of the outer member 1 and provide roller guide surfaces 3 for 
engagement with the outer circumferential surface of the roller 7. In Figs. IB and 2 each of the roller guide surfaces 3 

40 is a cylindrical surface wHh its axis passing point p spaced apart radially outwardly form tiie center Pr of tfie roller 7. 
Since the generatrix of the outer circumferential surface of the roller 7 is a circular arc having its center of curvature at 
a point spaced apart from tiie center of the roller 7. the roller 7 can hardly incline as viewed in ttie longitudinal section 
(Fig. 1 A) but runs parallel witii tfie direction in which the roller guide surface 3 extends, i.e. the axial diredon of the outer 
member 1 . ensuring that tie roller 7 smoothly rolls on the roller guide surface 3. This is also applicable where the axes 

45 being coupled together by tfie joint are at an angle or the working angle. As shown in Fig. 3, when the joint makes a 
working angle 0, the tripod member 4 is inclined by an angle 6 with respect to tfie outer member 1 . At this time, the true- 
spherical outer circumferential surface m of tfie trunnion 5 relatively rolls and moves within tfie cylindrical inner circum- 
ferential surface n of the roller 7 (through tfie rolling elements 6), while tfie roller 7 rolls and moves along tfie roller guide 
surfaces 3 witfiin tfie tf-ack groove 2 while faking a position parallel to the axis of the outer member 1 . and in tfiis situation 

so the sliding resistances at tfie respective portions come down to si45press the occurrence of the induced thrust. The 
mechanism to reduce the induced thrust when operating in a state with making a working angle is basically tfie same 
as tfiat of the two-story roller construction as shown in Figs. 1 1 and 12. and a description tfiereof will be taken herein- 
below with reference to Rg. 4. 

[0021 1 As indicated by a two<lot chain line in Fig. 4. when the center of the tripod member 4 at the time of not mak- 
55 ing a working angle is taken as A. ttiis center A lies on the axis X of tfie outer member 1 , and the center P of the true- 
spherical outer circumferential surface m of the trunnion 5 and tfie roller 7 stands on the center line B of tfie roller guide 
surface 3. On the other hand, as shown by a solid line in Fig. 4. when the joint makes a working angle e. the center A 
of the tripod member 4 shifts to a point A' to move downwardly from the axis X in Fig. 4. Consequentfy, the axis of ttie 
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trunnion 5 is inclined by an angle e, whereas tlie center P of the true-spherical outer circumferential surface m relatively 
moves downwardly from the center line B of the roller guide surface 3 up to a position in Fig. 4. Owing to this relative 
movement and the inclination of the tninnion 5. the true-spherical outer circumferential surface m of the trunnion 5 
tends to move on the cylindrical inner circumferential surface n of the roller 7 while rotating about the center R besides 

5 this movement is smooth due to the interposition of the rolling elements 6 (on^tted in Rg. 4 for clarity; see Fig. 3) ther- 
ebetween. In accorclance with the movement of the trunnion 5, the roller 7 rolls and moves along the roller guide surface 
3 to shift in the direction of the axis X of the outer member 1 parallel to the center line B of the roller guide surface 3 as 
indicated by an arrow pointing to the right in the illustration. Thus, the relative movement between the trunnion 5 and 
the roller 7 and the relative movement between the roller 7 and the roller guide surface 3 are achievable with extremely 

10 low resistances, with the result that the occurrence of the induced thrust is suppressible. 

[0022] In order to ensure that the roller 7 runs parallel with and rolls on the roller guide surface 3 with a lesser resist- 
ance, a shoulder 3a nruiy advantageously be formed so as to extend axially of the outer member 1 along an upper edge 
of the roller guide surface 3. The roller 7 always comes into contact at an end surface thereof with the shoulder 3a, and 
therefore, maintains its position in parallel to the axis of the outer member 1 . Thus the roller 7 is guided axially of the 

IS outer member 1 as it travels along the roller guide surface 3. resulting in the position of the roller 7 being effectively sta- 
bilized even when the joint operates in a state with making a working angle. 

[0023] The roller guide surface 3 may be of any shape including the cylindrical shape as described previously. In a 
modification shown in Fig. 5 the angular contact fashion is adopted in which the outer circumferential surface I of the 
roller 7 and the roller guide surface 3 come in contact at two points Q and Q' spaced apart axially of the roller 7. Also 

20 this arrangement allows tiie roller 7 to run paralle witii the direction in which the roller guide surface 3 extends, that is. 
the axial direction of the outer member 1. The gap or space confined by the roller guide surface 3 and the roller outer 
circumferential surface between the two contact points Q and Q effectively serves as a grease pocket. In this case, the 
gereratrix configuration of the roller guide surface 3 can assume a Gothic arch, an ellipse, a parabola, hyperbola or the 
like. The gereratrix configuration of the outer circumferential surface of the roller 7 can be defined, for example, with a 

25 circular arc having a center of curvature on the axis of the roller 7, a circular arc having a center of curvature at a point 
radially spaced apart from the axis of the roller, either towarels or away from the outer circumferential surface of the 
roller, or a combination of circular arcs having centers of curvature at points spaced apart from each other in the axial 
direction of the roller 7. 

[0024] Fig. 6 shows a modification in which a pair of opposing roller guide surfaces 3 constituting side walls of the 
30 track groove 2 are parallel flat surfaces. Along upper and lower edges off each roller guide surface are formed shoulders 
3a and 3b, so that a fringing portion of the roller 7 is fitted between the pair of shoulders 3a, 3b, and the cylindrical outer 
circumferential surface of the roller 7 is engaged with tiie flat roller guide surfaces 3. In this instance, both the end sur- 
faces of the roller 7 engage with the shoulders 3a, 3b. with the result that tiie position of the roller 7 in the axial direction 
of the outer member 1 is stably controllable. 
35 [0025] As shown as a modification in Fig. 7. it is also appropriate that annular flanges 9 are integrally formed at botfi 
ends of the cylindrical inner surface of the roller 7 to support the rolling elements 6. With this consti-uction. it is possible 
to omit the washers 8 for preventing the rolling elements from coming out. which can decrease the number of parts for 
the roller section. 

[0026] For using the constant velocity universal joint in a drive system of a motor vehicle, a strength is required 
40 which can withstand the drive torque, in general, in the case of the constant velocity universal joint, the strength taken 
as a criterion or reference depends upon, for exanple, the strength of a shaft to be coupled to this constant velocity uni- 
versal joint. Accordingly, for a tripod type constant velocity universal joint (see Fig. 16) of the type that the trunnion 5 
has a true-spherical outer circumferential surface as previously described, a strengtii test was made from the viewpoint 
of determining dimensional requirements to satisfy a strength condition. As a result of the test, it was found tiiat two 
45 points: tiie strength of the roller 7 and the strength of the rolling elements 6, exerted influence. For the evaluation, the 
obtained test result (tfie strength of the constant velocity universal joint) was divided by the static twisting strength of 
the shaft to obtain a value c (equation 1) which in turn, was employed as a criterion, and c > 0,93 was determined for 
clearing the condition. That is, 

50 c = the strength of the joint / the static twisting strength of the shaft (equation 1 ) 

[0027] The geometrical moment of inertia of the roller 7 greatiy has influence on the strength of tiie roller 7, and the 
strength of the rolling elements 6 relies upon the diameter of the rolling elements. In order to exclude influence from the 
sizes (the type number of the joint), the respective dimensions were divided by pitch diameter (herein after PCD) for 
55 dimensionless, thus attaining the following conditional equations (2) and (3). 

a = (the geometrical moment of inertia of area of tiie roller / PCD^) (equation 2) 
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b = the diameter of the rolling elements / PCD (equation 3) 

[0028] Rg. 17 is an illustration obtained by plotting test data on a plurality of tested joints different in values a and 
b, where the horizontal scale represents the value a while the vertical scale denotes the value b. Each of the test data 
includes a mark indicative of an evaluation and values a. b and c. Of the marks representative of the evaluations, the 
white cirde O represents "strength OK", that is, satisfying the condition of c> 0.93. the white lozenge 0 designates 
"rolling element no good (NG)". that Is, signifying that the rolling element is in poor condition, the black lozenge ♦ 
denotes that the roller is in poor condition, the black circle • depicts "roller and rolling element NG", that is. meaning 
that both the roller and rolling element are in poor condition, and the cross X stands for "obviously NG", that is, signifying 
that the shortage of the strength is obvious without making the test. 

[0029] As found from Fig. 1 7. the range of the value of the conditional equation a (equation 2) relating to the roller 
7 is expressed with the mark A. and its lower limit is 0.0281 x lO"^. Further, under the conditions that the outer member 
outer diameter is fixed, the roller outer diameter is enlarged to a maximum and the trunnion journal diameter and the 
rolling element diameter are set to a minimum so that the roller wall thickness comes to a maximum, according to the 
calculation the upper limit comes to 1 .39 x 10"^. From this, the range of a becomes 0.0281 x 10'^ < a < 1 .39 x 10"^. On 
the other hand, the range of the value of the conditional equation b (equation 3) concerned with the rolling elements is 
expressed by the mark B. and its lower limit is 0.041 7. Further, on the conditions that the outer member outer diameter 
is fixed, the roller outer diameter Is enhanced to a maximum, the trunnion diameter and the roller wall thickness are set 
to a minimum and the rolling element diameter is maximized, according to the calculation the upper limit amounts to 
0.378. From this, the range of b is 0.0417 < b < 0.378: Accordingly, in a manner that a and b are respectively set to 
within the above-mentioned ranges, the roller and the rolling elements of the constant velocity universal joint for a drive 
system of a motor vehicle, i.e., the whole joint, can have a sufficient strength. 

[0030] Furthermore, for the purpose of Improving the lubricity of the contact portions to prevent the occurrence of 
abrasion and peeling of the trunnion journal section, a large number of independent microscopic dents each having a 
recess shape were made in the surfaces of the rolling elements 6. In order to meet such a surface roughened condition, 
a special barrel polishing can be employed as the surface processing therefor, thus obtaining a desiralDle finished sur- 
face. The surlace roughness of the rolling elements is Rmax 0.6 to 2.5 pm and the parameter SK value of the surface 
roughness is below -1 .6. Further, the mean area of the dents is 35 to 180 pm^ while the rate of the dents to the entire 
surface is 1 0 to 40%. The aforesaid parameter SK value denotes the skewness (strain) of the distribution curve showing 
the surface roughness. In the case of a symmetrical distribution such as the Gaussian distribution, the parameter SK 
value becomes 0, and the preferable range of the parameter SK value for providing the shape and distritxjtion of the 
recesses advantageous to lubricating film formation, although depending on processing conditions, is below -1.6 botii 
in the circumferential direction and in the axial direction. 

[0031] Rg. 18 shows the results off the endurance tests made in terms of a tripod type constant velocity universal 
joint in which the outer drcunrferential surface of the turnnion is a true spherical surface, using the rolling elements sub- 
jected to the above-described surface processing and the conventional rolling elements experiencing a stqDerfinishing 
processing. The test conditions A and B in the same illustration are respectively shown in the following table 1. 



Table 1 



Test Condition 


Bearing Load 


Speed of Joint 


Lubricant 


A 


1438 kgf 


200 rpm 


grease 


B 


902 kgf 


500 rpm 


grease 



[0032] As obvious from the test results of Fig. 18, in the case of the test condition B. the conventional rolling ele- 
ments come Into poor condition at the time of working for 96 hours. On the other hand, the rolling elements according 
to this invention are still in good condition even after the operating time exceeds more than 160% as compared with the 
conventional ones. Further, also in the case of the test condition A. the lifetime of the rolling elements according to this 
invention lengthens more than 200% as compared with tfie conventional ones. Thus, the above-mentioned surface 
processing for the rolling elements is effective for the formation of tiie lubricating film on the roiling element surfaces to 
enhance the lubricity, so that tiie rotating performance of the roller can improve and the sliding performance between 
the rolling elements and the roller and between ttie rolling elements and the trunnion journal can improve to reduce the 
occurrence of abrasion and peeling of the contact portions to the utmost. 

[0033] Secondly, approach was made to attain a higher performance in the at)ove-descrlbed joint shown in Figs. 1 A 
and 1 B. That is. In tiie case of the joint shown in Figs. 1 A and 1 B. the true-spherical outer circumferential surface m of 
the trunnion 5 comes into point contact with the rolling elements 6 so tiiat the surface pressure tends to heighten and 
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the load capacity tends to decrease. The countermeasures to this problem may be enlarging the outer diameter of the 
trunnion 5. but resulting in excessively increasing the diameter of the whole joint. In addition, although the number of 
rolling elements 6 bearing the load is constant regsurdless of the magnitude of the working angle, as shown in Figs. 19A 
and 19B a moment in a direction of a vector M due to the trunnion 5 ads through the plurality of rolling elements 6 on 

5 the roller 7. which makes the position of the roller 7 unstable, whereby difficulty is further encountered in the reduction 
of the induced thrust. Moreover, the stress easily concentrates on the rolling elements 6 bearing the load irrespective 
of the magnitude of the working angle, which has influence on the durability of the rolling elements and others. 
[0034] A description will be made of an embodiment which can solve this problem inherent in the Rgs. 1 A and 1 B 
joint without increasing the joint size and the number of parts for the joint 

10 [0035] In an embodiment shown in Figs. 20A and 20B, an outer circumferential surface of each of three trunnions 
5 (only one is shown in the illustrations) of a tripod member 4 is composed off true spherical surfaces m^ having a center 
of curvature on the axis of the trunnion 5 and an intermediate curved surface standing at a central portion in the axial 
direction of the trunnion 5 having a radius of curvature larger than the radius of curvature R1 of the true spherical 
surface m^ . A cylindrical inner circumferential surface n of a roller 7 is rotatably filled through rolling elements 6 over an 

15 outer circumferential surface of the trunnion 5. The roller 7 is inserted into a track groove 2 of an outer member 1 so as 
to travel axially of the outer member 1 rolling on an roller guide surface 3 of the track groove 2. In this case, in other 
words, the generatrix for the outer drcumlerential surface of the trunnion 5 is defined with a combination of circular arcs 
(mi) lying at both axial ends of the trunnion 5 and having one and same center of curvature on the axis of the trunnion 
5 to constitute a part of a true circle and a circular arc (m2) having a radius of curvature larger than that of the f irst-men- 

20 tioned circular arcs (m^). 

[0036] The intermediate curved surface m2 trunnion 5 signifies an area where the rolling elements 6 always 
come into contact at the maximum surface pressure. That is, its width (the dimension in the axial direction) is deter- 
mined so that the rolling elements 6 principally bearing the load come into contact with the intermediate curved surface 
m2 when the tripod member 4 transmits torque at the normal working angle (approximately 2 to 10 deg) with respect to 

25 the outer member 1 , The intermediate curved surface m2 has a gentler curvature than that of the true spherical surface 
m^. and it is preferable that its radius of curvature R2 is approximately twice to five times the radius of curvature Ri of 
the true spherical surface m^ Ihe maximum outer diameter of this intermediate curved surface m2 is set to be smaller 
than the outer diameter of the true spherical surface m^. 

[0037] Accordingly, in the case that the rolling elements 6 come into contact with the intermediate curved surface 
30 m2 when the joint operates in a state with making a working angle, Its maximum surface pressure becomes lower than 
the maximum surface pressure arises when the rolling elements 6 come into contact with the true spherical surtece m-i 
with a smaller radius of curvature. More specifically, with the true spherical surface m^ having a smaller radius of cur- 
vature Ri the rolling elements 6 take a contact state closer to the point contact, while with the intermediate curved sur- 
face m2 having a larger radius of curvature R2 it gets into a contact state closer to the line contact, with the result that 
35 the reduction of the maximum surfoce pressure and the increase in the load capacity are possible so that the suppres- 
sion of the induced thrust and the improvement of the durability are practicat^le without the increase in the diameter of 
the whole joint. 

[0038] A modification shown in Figs. 21 A and 21 B is characterised in that a cylindrical surface m3 is formed in an 
intermediate portion of the true spherical surfaces m^ of the trunnion 5. In other words, the generatrix for the outer cir- 

40 cumferential surface of the trunnion 5 is made with a combination of circular arcs (mO having a center of curvature on 
the axis of the trunnion 5 to constitute a part of a true circle and a straight line (mg). In this instance, the straight line 
(ma) corresponds to the aforesaid cun/e (m2) in Fig. 20A with the radius of curvature R2 made infinite. The cylindrical 
surface tn^ is in parallel to the axis of the trunnion 5 and comes into linear contact with the cylindrical rolling elements 
6 and, therefore, the maximum surface pressure is more reducit>le. In addition, the comlaination configuration of the true 

45 spherical surfaces m^ and the cylindrical surface nr»3 can more easily be produced as compared with the aforesaid inter- 
mediate curved surface m2. 

[0039] Furthermore, in a modification shown in Figs. 22A and 22B. the outer circumferential surface of the trunnion 
5 of the tripod member 4 is characterised by being a circular arc m4 having a center on the axis as viewed in a longitu- 
dinal section (Fig. 22A) but being an ellipse ms whose minor axis points the load side as viewed in a cross section (Fig. 

50 22B). In Fig. 22B, a dashed line represents the case of a true circle. Although in Rg. 22B it is shown as being an 
extreme ellipse for easy understanding, the elliptical degree of the ellipse ms is approximately several tens to 100 in 
the difference between the minor axis (load side) and the major axis (non-loaded side), and all the cross sections per- 
pendicular to the axis of the trunnion 5 assumes the same difference. Thus, since the transverse cross-sectional con- 
figuration of the trunnion 5 is made to be the ellipse ms whose minor axis points the load side, as compared with the 

55 joint as shown in Figs. 1 A and 1 B the stress concentration to the rolling elements 6 which come into contact with the 
load side outer circumferential surface of the trunnion 5 can be lessened, whereby the maximum surface pressure is 
reducible and the durability is improvable. 

[0040] According to the embodiment shown in Figs. 20A and 20B, since the surface portion with a gentler curvature 
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than the true spherical surface at both the end portions of the trunnion exists in the axial central portion of the trunnion 
of the tripod member, the rolling elements interposed between the trunnion and the roller are mainly brought into con- 
tact with the surface portion of the trunnion having the gentler curvature, which contributes to the reduction of the max- 
imum surface pressure of the rolling elements and further to the suppression of the induced thrust thus providing a 

5 tripod type constant velocity universal joint which is capable of making less vibration and creating a high durability. In 
the case of choosing as an example of the surface portion with a gentler curvature a cylindrical surface corresponding 
to a curved surface whose radius of curvature is infinite (Figs. 21 A and 21 B). the surface pressure reduction is further 
possible. In addition, because the outer circunnferential surface of the trunnion is made with a combination of a true 
spherical surfiace and a cylindrical surface, the processing is easy to cut down the manufacturing cost of the constant 

10 velocity universal joint. Besides, since the transverse cross-sectional configuration of the trunnion of the tripod member 
assumes an ellipse whose minor axis points the load side (Rgs. 22A and 22B). the stress concentration on the rolling 
elements contacting with the trunnion can be mitigated, thereby providing a tripod type constant velocity universal jdnt 
which is excellent in the reduction of the induced thrust and the durability. 

[0041] Incidentally, it is also possible to add the intermediate curved surface, the cylindrical surface and the like, 
75 already descn"bed with reference to Rgs. 20A. 20B. 21 A and 21 B, to the axial central portion of the trunnion 5 shown in 
Figs. 22A and 22B. In this case, owing to the multiplier effects of the respective structures, the durability can further 
improve. 

[0042] Rgs. 23A and 23B show a modification in which the outer drcumferential surface of the trunnion 5 is made 
to be the so-called torus surface mg. For this torus surface mg a circular arc having a center at a point spaced radially 

20 outwardly from the axis of the trunniori 5 and having a radius R3 is used as the generatrix and the axial central portion 
of the trunnion 5 assumes the largest outer diameter (2R^). Although the structure shown in Rgs. 23A and 23B goes 
against the surface pressure reduction, the torus surface mg of the trunnion 6 comes into contact witii the rolling ele- 
ment 6 with a frictional resistance smaller than tiiat in the case of a true spherical surface (for comparison, a circular 
arc Ri having a center of curvature on the axis of the trunnion 5 is indicated with a dotted line in Fig. 238), with the result 

25 that the suppression of the induced thrust becomes easier. In addition, when the joint operates in a state with making 
a working angle, the number of rolling elements 6 bearing the load decreases in accordance with the difference in 
radius [R^ - R3I, and accordingly the vector M direction nnoment receiving from the trunnion 5 and working on the roller 
7 decreases to stabilize the position of the roller 7 as compared with the case of the true spherical surface, with the 
result that tiie induced thrust Is reducible. In this case, it is necessary that the difference in radius [R^ - R3] is set to 

30 approximately 1 to 2 mm so as not to Increase the surface pressure. 

[0043] Rg. 24 shows the results of the measurement of the induced tiirust in the case of the embodiment shown in 
Figs. 1 A and 1 B and the modification shown in Figs. 23A arxi 23B. In this case, in the modification the outer circumfer- 
ential surface of the trunnion 5 is the torus surface of the maximum radius R^ = 1 9.095 mm and the generatrix radius 
R3 = 1 7.85 mm, while in the embodiment of Figs. 1 A and 1 B the outer circumferential surface of the trunnion is a true 

35 spherical surface having the radius of curvature of 19.095 mm. As shown in Fig. 24. the induced thrust takes the relation 
of the embodiment < the modification until the working angle taken when in operation rises up to approximately 6 deg, 
while in the range of the working angle exceeding 6 deg the induced tiirust takes, on the contrary, tiie relation of the 
embodiment > the modification. 

[0044] Accordingly, in tfie case of the structure shown in Figs. 23A and 23B. if the cun/ature of the intermediate por- 

40 tion of the torus surface mg coming into contact with the rolling elements 6 in the range of the working angle within 6 
deg is made to be relaxed to approximately the curvature of the true spherical surface so that this intermediate portion 
becomes similar to the intermediate curved surface or ttie cylindrical surface in tiie embodiment shown in Figs. 1 A and 
1 B or Rg. 2. even if the working angle is t>elow 6 deg. the induced thrust is reducible up to those in the above-described 
embodiments or to below tiiose values. 

45 [0045] Conventionally, the outer circumferential surface of tiie trunnion 1 1 of the tripod member 4 is, for example, a 
cylindrical surface as shown In Fig. SC. and an inner washer 14 is filled over the proximal portion of this cylindrical sur- 
face and an outer washer 1 5 and a dip 1 6 are fitted over the tip portion thereof, and further a plurality of rolling elements 
are placed between both the washers 14. 15. The plurality of rolling elements 6 are serially arranged along the outer 
circumference of the trunnion 5 without making gaps therebetween. The outer washer 1 5 is placed into contact with an 

50 end surface of the rolling elements 12 to limit the axial position of the rolling elements 12 and further to prevent them 
from falling out. The clip 16 is filled in a groove 17 made in the outer drcumference of the trunnion 1 1 to fix the outer 
washer 15 against the trunnion 1 1 . For assembling a tripod member 4 shown in Fig. 8C. a plurality of rolling elements 
12 are successively arranged on the outer circumference of tiie trunnion 1 1 and then a roller 13 is fitted over them, or 
alternatively, the roller 1 3 is fitted over the trunnion 1 1 and the plurality of rolling elements are inserted Into an annular 

55 space formed between the trunnion 1 1 and the roller 13. However, both the cases require a large number of steps for 
assembling and are hard to assemble, thus deteriorating the assembling working efficiency of the tripod type constant 
velocity universal joint. Further, the outer washer 1 5 for preventing the rolling elements mounted on the trunnion 1 1 from 
falling out is required to have a spedal shape as shown in the illustration for also preventing the roller 13 from coming 
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out, and the clip 16 for setting the outer washer 15 on the trunnion 1 1 is additionally necessary, with the result that the 
number oi parts for the tripod member 4 and the nunrber of assembling steps become many so that difficulty is encoun- 
tered to lower the manufacturing cost thereof. 

[0046] Referring now to Figs. 25 to 31 a descrption will be made hereinbelow of a tripod type constant velocity uni- 
5 versal joint according to an emlx>diment of this invention which can eliminate the above-mentioned problems and which 
is capat^e of improving the assembling working efficiency and lowering the manufacturing cost. 
[0047] In a tripod member 4 shown in Fig. 25, a stopper 1 0 for preventing a plurality of roiling elements 6 from falGng 
out is formed on an inner circumferential surface of a roller 7 fitted through the rolling elements 6 over the outer circum- 
ference of each of trunnions 5. For example, the outer circumferential surfece of the trunnion 5 is a cylindrical surface, 
10 and a plurality of cylindrical rolling elements 6 such as rollers and needle rollers are serially disposed on this cylindrical 
outer circumferential surface without defining gaps therebetween, and the cylindrical inner circumferential surface of the 
roller 7 is located around these rolling elements 6. 

[0048] Concrete examples of the stoppers 10 to be formed on the cylindrical inner circumferential surface of the 
roller 7 are shown in Figs. 26A and 26B. In Fig. 26A. the stoppers 10 are in the form of a pair of annular step portions 

75 9 formed at both ends of the roller 7 to protrude from the cylindrical inner circumferential surface of the roller 7. For 
instance, a groove for accommodating the rolling elements 6 for rolling motion is formed in a central section of the cylin- 
drical inner circumferential surfoce of the roller 7 so that the axial end portions thereof define the inwardly protruding 
annular steps 9. Alternatively, in Fig. 26B, the stoppers 10 are in the form of a pair of washers 8 filled in grooves 8a 
formed in both axial end portions of the cylindrical inner circumferential surface of the roller 7. The protruding amount 

20 of the washer 8 from the roller cylindrical inner circumferential surfece corresponds to the step (difference in le^el) of 
the annular step 9 in Fig. 26A. 

[0049] Thanks to the provision of the rolling element falling-out preventing stoppers 10 on the cylindrical inner cir- 
cumferential surface of the roller 7. the assent)ling ways as shown in Figs. 27 and 28 are selectively acceptable. 
[0050] When attaching the roller 7 of Fig. 26A to the trunnion 5, as shown in Fig. 27 the roller 7. together with the 

25 rolling elements 6, is fitted over the trunnion 5 in a state where all the rolling elements 6 are serially arranged along and 
temporarily adhered to the cylindrical inner circumferential surface of the roller 7 with a grease 10a. The grease 10a is 
of the well-known type for lubricating the rolling elements, and this grease 10a is applied in advance to the cylindrical 
inner circumferential surface of the roller 7 to make a desired thickness thereon and the rolling elements 6 are pressed 
against the applied grease 10a so that the plurality of rolling elements 6 are subjected to the temporary adhesion. 

30 Thereafter, the roller 7, together with the rolling elements 6, is filled over the cylindrical outer circumferential surface of 
the trunnion 5, with the result that the stoppers 10 (9) of the roller 7 prevent the rolling elements 6 from coming out and 
the attachment of the roller 7 and the rolling elements 6 to the trunnion 5 can surely and smoothly be done. 
[0051] Fig. 28 shows a method in which the roller 7, together with a plurality of rolling elements 6. is mounted over 
the trunnion 5 in a state that the rolling elements 6 are temporarily serially attached to the cylindrical inner circumferen- 

35 tial surface of the roller 7 according to the so-called Keystone method. For example, as shown in Figs. 29A and 29B all 
the rolling elements 6 but one are serially arranged on the cylindrical inner circumferential surface of the roller 7, and 
the last one 6 is forced into a gap g defined between the two of this series of rolling elements 6 positioned at both the 
ends thereof. In this case, the relation between the diameter d^ of the rolling elements 6 and the minimum separation 
dg of the gap g is set to be d^ > dg, the difference [d^ - d2l being an interference of several \i to several tens ix. Thus, 

40 now that the last one rolling element 6 is fitted in the gap g under pressure, all the rolling elements 6 are temporarily 
and serially held on the cylindrical inner circumferential surface of the roller 7. Also in the case of Fig. 28, when the roller 
7, together with the rolling elements 6. is fitted over the cylindrical outer circumferential surface of the trunnion 5, the 
stoppers 10 (9) of the roller 7 prevent the falling-out of the rolling elements 6 and the mounting of the roller 7 and the 
rolling elements 6 on the trunnion 5 is surely and smoothly achievable. In addition, the plurality of rolling elements 6 

45 attached in advance to the roller 7 according to the Keystone method can smoothly rotate between the roller 7 and the 
trunnion 5 with no problem as long as having the above-mentionaj interference. 

[0052] As described above, the work for setting the unit, in which the rolling elements 6 are combined with the roller 
7. to the trunnion 5 to assemble the tripod member 4 is technically easier as compared with the conventional assem- 
bling work, and its number of working steps for assembling decreases, thus further improving the assembling working 
50 efficiency In addition, in the case that like the roller 7 as shown in Fig. 26A the stoppers 1 0 (9) are integrally formed on 
the roller cylindrical inner circumferential surface, since it is possible to omit the washers or clips for preventing the roll- 
ing elements fitted over the trunnion from falling out. the number of parts for the tripod member 4 and the number of 
steps for assembling are reducible, thus easily culling down the manufacturing cost. 

[0053] Also in the case that like the roller 7 shown in Fig. 26B the stoppers 10 are constructed using the washers 
55 8, it is possible to assemble the tripod member through the use of the adhering method based on the grease in Fig. 27 
and through the use of the Keystone method in Fig. 28. In the roller 7 of Fig. 26B, since the pair of washers 8 is 
employed in order to prevent the rolling elements from falling out. although there is no effect to cut down the number of 
parts, the washers 8 can be constructed with cheap flat washers with a sinrple configuration which merely protrude from 
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the cylindrical Inner circumferential surface of the roller 7, so that it is possible to cut down the manufacturing cost of the 
tripod member. 

[0054] The structure of the tripod member and the assembling method thereof described with reference to Figs. 25 
to 28» 29A and 29B are also applicable to the embodiment of Rgs. 1 A and IB, the modifications thereof, the embodi- 

5 ment of Figs. 20A and 208 and the modifications thereof with the same effects. For example, the outer circumferential 
surface of the trunnion 5 of the tripod member 4 shown in Fig. 30 is a true spherical surface having its center on the 
axis of the trunnion 5 and having a radius R^, and the rolling members 6 are brought into point contact with this true 
spherical surface to be slidable, and further the roller 7 is pivotably mounted relative to the trunnion 5. Further, the outer 
circumferential surface of the trunnion 5 of the tripod merrtber 4 shown in Fig. 31 has a circular generatrix whose center 

10 P2 is separated from the axis of the trunnion 5 and whose radius is Rg. The rolling elements 6 are placed into point con- 
tact with this outer circumferential surface to be slidable, and the roller 7 is pivotak^y mounted relatively to the trunnion 5. 
[0055] Taking Rgs. 4 and 16 for example, the center of the trunnion 5 and the center of the roller 7 are shown as 
coexisting with each other as at point P even when the two axes being coupled together by the joint are not at an angle, 
though, they may be offset axially of the trunnion 5. When the axes being coupled by the joint are at an angle, the center 

IS P of the trunnion 5 shifts towards the axis X of the outer member 4, i.e., from P to P'. as previously described in con- 
junction with Fig. 4. and therfore, the centers of the trunnion 5 and roller 7 are offset axially of the trunnion 7. In order 
to obviate such problem, as shown in Rg. 32, the center Pr of the roller may be spaced apart from the center P of the 
trunnion 5 by a predetermdined amount towards tiie axis X of the outer member 4; this ensures that when the axes 
being coupled by the joint are at an angle, the center P of the trunnion 5 shifts towards the eucis X of the outer member 

20 1 to coincide with or approach the center of the roller 7. This arrangement takes account of the movements encountered 
by the components of the joint in transmitting torque between the two rotary axes which are at an angle, and its signify 
icance will be apparent in view of the fact that in the joint of this kind the two rotary axes being coupled are usually at 
an angle. 

[0056] It should be understood that the foregoing relates to only preferred embodiments of the present invention, 
25 and that it is intended to cover all changes and modifications of the embodiments of the invention herein used for the 
purposes of the disclosure, which do not constitute departures from the spirit and scope of the invention. 

Claims 

30 1 . A tripod type constant velocity universal joint comprising: 

an outer mender (1) having three axially extending track grooves (2) formed in an inner circumferential surface 
thereof, each of the track grooves (2) having roller guide surfaces on a pair of opposing side walls thereof, 
a tripod-member (4) having three radially projecting trunnions (5) and 

35 rollers (7) rotatably carried on the trunnions (4), respectively, through a series of cylindrical rolling elements (6). 

the rollers (7) being accommodated in the track grooves (2), respectively, so that the rollers (7) are movable 
axially of the outer member (1) with each said roller (7) rolling along one of the opposing roller guide surfaces, 
wherein each said roller (7) witii an annular projection at an end thereof and a series of said rolling elements 
retained along an inner periphery of said roller form an assembly capable of preventing said rolling elements 

40 from dispersing even before the assembly is mounted on a respective trunnion (5). 

2. A tripod type constant velocity universal joint as set forth in claim 1 . wherein a generatrix of an outer circumferential 
surface of the trunnion (5) is a curve. 

45 3. A tripod type constant velocity universal joint as set forth in claim 1 . wherein a generatrix of an outer circumferential 
surtece of the trunnion (5) is a substantially straight line parallel to the axis of the trunnion (5). 

4. A tripod type constant velocity universal joint as set forth in claim 1 . wherein the cylindrical rolling elements (6) are 
stuck with grease (10a) on an inner peripheral surface of the roller. 

so 

5. A tripod type constant velocity universal joint as set forth in claim 1 , wherein the cylindrical rolling elements (6) are 
locked in position along an inner periphery of the roller with one rolling element serving as keystone. 

6. A tripod type constant velocity joint as set forth in any of claims 1 to 5 wherein the inner circumferential surface of 
55 the roller (7) is cylindrical and the outer surface of the roller (7) is defined, at opposite ends of the trunnion (5), by 

circular arcs. 

7. A method of manufacturing a tripod type constant velocity joint wherein rollers (7) rotatably carried, through cylin- 
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drical rolling elements (6). on three trunnions (5) of a tripod member (4) are accommodated, respectively, in track 
grooves (2) formed in an inner circumferential surface of an outer member (1) in an axial direction, so that the rollers 
(7) are movable axially of the outer member along roller guide surfaces at opposite sides of each of the track 
grooves (2) and extending axially of the outer member (1), said method comprising the steps of: 

providing an annular projection on an inner circumferential surface of said roller (7) to prevent said plurality of 
cylindrical rolling elements (6) from falling out in their axial direction, 

serially arranging said plurality of rolling elements (6) but one on said roller inner circumferential surface along 
said annular projection, 

forcing the last one rolling element (6) into a gap between the two of both ends of the serially arranged rolling 
elements (6), and fitting said roller (7), together with said plurality of rolling elements (6) over said trunnion (5). 
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FIG.1A 
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FIG.6 
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FIG.11 
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FIG.13 
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FIG.19A 
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FIG.23B 
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